INTRODUCTION {#sec1-1}
============

The left atrium (LA) plays a pivotal role in the performance of the cardiovascular system; for this reason, a more detailed evaluation of its size and function is gaining importance in the global assessment of patients affected by cardiovascular diseases.\[[@ref1]\]

Left atrial (LA) functional integrity greatly contributes to left ventricular (LV) filling, and thus to the achievement of an effective stroke volume through all the phases of cardiac cycle. For example, the LA acts as a reservoir during LV systole receiving blood from pulmonary veins, as a conduit during early diastole and as a booster pump during late diastole, accounting respectively for 40%, 35% and 25%, of the atrial contribution to stroke volume.\[[@ref2]\]

The role of LA function proved to be contributory in the most common cardiovascular scenarios, from atrial fibrillation recurrence\[[@ref3]\] to heart failure hospitalization rates prediction\[[@ref4]\] and valvular heart diseases prognosis,\[[@ref5]\] prompting cardiologists to be more familiar with noninvasive assessment of LA size and function. Although it may seem obvious, LA evaluation is still a challenge and requires a multimodality approach carried out by experts.

Imaging the left atrium: Why a multimodality approach? {#sec2-1}
------------------------------------------------------

Two-dimensional echocardiography (2DE) and three-dimensional echocardiography (3DE), cardiac computed tomography (CT), and cardiac magnetic resonance (CMR) are the imaging techniques available for the assessment of the LA.\[[@ref6]\]

Since each of them is characterized by different strengths and weaknesses, none can be considered by itself the best imaging modality; conversely, they should be conceived in complementary fashion through a multimodality imaging approach in several clinical settings.

Among the three modalities, echocardiography is most suited to measuring phasic LA volumes because, due to its high temporal resolution, it allows the assessment of LA volumes (active and passive) in all the phases of cardiac cycle and LA ejection fraction \[[Table 1](#T1){ref-type="table"}\].

###### 

LA phasic volumes and their determinants

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                      LA reservoir function                                                LA conduit function                                                     LA contractile function
  ------------------- -------------------------------------------------------------------- ----------------------------------------------------------------------- --------------------------------
  LA stroke volumes   Total LASV=LAmax-LAmin\                                              Passive LASV=LAmax-LApreA\                                              Active LASV=LApreA-LAmin\
                      Total LAEF=Total LASV/LAmax                                          Passive LAEF=Passive LASV/LAmax\]                                       Active LAEF=Active LASV/LApreA

  LA factors          LA active relaxation LA compliance                                   LA compliance                                                           LA intrinsic contractility

  LV factors          LV longitudinal function and apical displacement of mitral annulus   LV relaxation and early filling atrial--ventricular pressure gradient   LV diastolic compliance
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LA = Left atrium, LAEF = Left atrial ejection fraction, LAmax = Maximum left atrial volume, LAmin = Minimum left atrial volume, LApreA = Pre-trial contraction left atrial volume, LASV = Left atrial stroke volume. Adapted with permission.\[[@ref6]\]

American Society of Echocardiography, in conjunction with the European Association of Echocardiography, recommends the measurement of LA volumes with either an ellipsoid model or the Simpson\'s method in four- and two-chamber apical views:\[[@ref7]\] Pre-atrial contraction volume (VpreA) is measured at the onset of the P-wave on an electrocardiogram; minimal LA volume (Vmin), measured at the closure of the mitral valve in end-diastole and maximal LA volume (Vmax), measured just before the opening of the mitral valve in end-systole.

However, measurement of LA phasic volumes using 2DE is time consuming; moreover, exact timing of various atrial events can be challenging and geometric assumptions of biplane volume calculations, as well as poor echocardiographic window, may introduce mistakes in LA cavity estimation.\[[@ref6]\]

These limitations can be partially overcome by 3DE that allows acquiring a three-dimensional data set with automated endocardial border tracing. Although temporal resolution of 3DE may be inferior to 2DE, it still remains superior to CT or CMR.\[[@ref8]\] Moreover, although LA volumes derived from 3DE tend to be higher than 2DE LA volumes, they show less intra- and inter-observer variability and good agreement with CMR derived volumes.\[[@ref9]\]

Cardiac CT is characterized by the highest anatomical definition, allowing the acquisition of three-dimensional images that accurately depict LA and pulmonary venous anatomy. For this reason, in some centers it has become the investigation of choice especially for the detection of pulmonary vein anatomical variations before atrial fibrillation ablation.\[[@ref10]\] However, the routine use of cardiac CT solely for the purpose of assessing atrial size and function cannot be recommended, not only because of radiation exposure and the use of iodinated contrast in patients with renal impairment, but also because of technical issues related to CT data acquisition. The low temporal resolution of this technique (75 to 250 ms, 10 times less than echocardiography) represents a major concern, particularly for phasic LA volumes measurement; moreover, image acquisition generally occurs at mid-late ventricular diastole.\[[@ref11]\] As a result, phasic LA volumes cannot be measured, and the measured LA volume is different from the conventional measurement of LAmax at end-ventricular systole.\[[@ref12]\]

Cardiac MR is the criterion-standard technique for LA volumes estimation. It is performed with consecutive multislice breath-hold acquisitions, followed by post-processing with either manual or automated tracing of the atrial wall border.\[[@ref13]\] This technique has been used to establish normal ranges for LA phasic volumes as well as for ejection fractions.\[[@ref14]\] The temporal resolution of CMR (around 25 to 50 ms) is inferior to 2DE, but is sufficient for this purpose. Studies in patients with atrial fibrillation demonstrate that CMR is able to measure LA phasic volumes and LA ejection fraction (LAEF) and to evaluate LA reverse remodeling after pulmonary vein isolation.\[[@ref15][@ref16]\]

However, one of the main clinical applications of CMR is the possibility of noninvasive assessment of atrial fibrosis on the basis of delayed contrast enhancement (DCE) distribution, especially for the prediction of atrial fibrillation (AF) recurrence in the post-radiofrequency ablation setting.\[[@ref17]\]

In fact, a larger amount of fibrosis, and so of DCE in the ablation sites, represents a more complete isolation of the AF focus and less chance of recurrence. Moreover, some authors\[[@ref18][@ref19]\] demonstrated that not only the degree of post-ablation fibrosis within the LA is useful in predicting the outcome of patients, but also that the amount of pre-ablation fibrosis is strongly associated with AF recurrence after pulmonary vein isolation. They observed an AF recurrence rate of 14% in patients with minimal enhancement, 43% in those with moderate enhancement, and 75% in those with extensive enhancement before the procedure.

For this purpose, the Utah classification divides patients into four groups according to degree of fibrosis detected by CMR: Utah I (≤5% LA wall DCE), Utah II (\>5 to ≤20% LA wall DCE), Utah III (\>20 to ≥35% LA wall DCE), and Utah IV (≥35%).\[[@ref20]\] Catheter ablation proved successful in suppressing AF in all of Utah I, 81.8% of Utah II, in 62.5% of Utah III patients, and none of Utah IV patients; moreover, no recurrence of the arrhythmia occurred in Utah I patients, whereas the rate of recurrence of the arrhythmia was progressively higher according to the increasing amount of fibrosis (28% in Utah II, 35% in Utah III, and 56% in Utah IV).\[[@ref21][@ref22]\]

The finding shows how LA tissue characterization, with special regard to LA fibrosis integrated with LA functional evaluation could help in clinical practice to perform a more patient-tailored approach to the arrhythmia.

All imaging modalities offer specific clues to the anatomical assessment, volumes estimation and tissue characterization of LA, and should be used in a complementary fashion in order to obtain the biggest amount of information in several clinical settings.

Left atrial mechanics in "short" {#sec2-2}
--------------------------------

LA function can be non-invasively evaluated through two-dimensional echocardiography, as well as Doppler analysis of the transmitral and pulmonary vein flow and tissue Doppler assessment of LA myocardial velocities. However, quantification of LA function remains a challenge. Tissue Doppler imaging-derived strain is limited by suboptimal reproducibility, angle dependency, and signal artifacts.

Evaluation of LA deformation parameters through speckle tracking echocardiography is a relatively new, promising approach for analyses of phasic LA mechanics.\[[@ref23][@ref24]\]

Myocardial strain and strain rate (SR) represent the magnitude and rate, respectively, of myocardial deformation. Strain is a fractional change in the length of a myocardial segment; it is usually expressed as percentage and it can have positive or negative values, which reflect respectively lengthening or shortening of LA walls. SR is the rate of change in strain and corresponds to the speed at which myocardial deformation occurs, expressed per second.

During the cardiac cycle, the LA acts as a reservoir, receiving pulmonary venous return during LV systole; as a conduit, passively transferring blood to the LV during early diastole; and as a pump, actively priming the LV in late diastole.\[[@ref2]\] LV mechanical events occurring during the LA reservoir period, from mitral valve closure to opening, are isovolumic contraction, ejection, and isovolumic relaxation \[[Figure 1](#F1){ref-type="fig"}\]. The LA reservoir phase is essential for LV filling because the energy stored by the LA during ventricular systole is released after mitral valve opening, greatly contributing to LV stroke volume.\[[@ref23]\] The LA conduit phase includes early LV filling and diastasis. LA contractile phase performance depends on preload, afterload, intrinsic contractility, and electromechanical coupling\[[@ref2]\] \[[Table 1](#T1){ref-type="table"}\].

![(Original) Left atrial strain during all the phases of cardiac cycle LAC = Left atrial contraction, IVC = Isovolumic contraction, IVR = Isovolumic relaxation, EF = Early filling](JCE-24-72-g001){#F1}

Due to the complex three-dimensional motion of the heart, two-dimensional speckle tracking is not able to measure all the components of the local displacement, in contrast the recently developed three-dimensional speckle tracking can track the motion of speckles irrespective of their directions combining longitudinal and circumferential strains.\[[@ref24][@ref25]\]

What is new on left atrial mechanics? {#sec2-3}
-------------------------------------

However, LA mechanics proved to be abnormal in several clinical conditions, even before anatomical changes have occurred. Early detection of LA dysfunction proves to provide new insight into pathophysiology of several conditions such as AF, hypertension, heart failure, and valvular heart disease, in which atrial dysfunction has been identified as an important contributor.

### Heart failure with preserved ejection fraction {#sec3-1}

In heart failure with preserved ejection fraction, LA is chronically exposed to elevated end-diastolic pressure determining both LA enlargement and functional impairment.

In this clinical setting in the absence of other contributing pathology such as mitral valve disease, LA structural and functional remodeling is considered a reliable barometer of diastolic burden and a marker of severity of diastolic dysfunction, and cardiovascular death.\[[@ref26]\]

In this context both reservoir and conduit functions\[[@ref27]\] and recently also 3D LA strain are reduced and show to be accurate for estimation of LV filling pressure.\[[@ref28]\]

Besides these hemodynamic associations, LA strain has been inversely correlated with brain natriuretic peptide level\[[@ref29]\] and worse New York Heart Association functional class.\[[@ref30][@ref31]\]

LA pump function presents a biphasic response: In early heart failure it is augmented to compensate for reduced early LV filling, whereas in late stages, as work mismatch progresses, LA contractile properties gradually deteriorate.\[[@ref2]\]

### Atrial fibrillation {#sec3-2}

During AF, LA contractile function is lost while both reservoir and conduit functions are reduced, with significant differences between paroxysmal and chronic persistent AF.\[[@ref32]\]

A larger amount of LA fibrosis and as a consequence a higher LA stiffness are both associated with lower values of LA strain, reflecting the inverse relationship existing between LA structural and functional remodeling, especially in patients with chronic AF.

After cardioversion, strain and SR, as well as conventional parameters linked to atrial contractile function, are reduced due to LA stunning;\[[@ref33]\] a gradual recovery of atrial strain generally occurs after cardioversion, with peak improvement within 4 weeks.

Moreover, when it comes to predict the recurrence of the arrhythmia after cardioversion in patients with both paroxysmal and chronic persistent AF, the highest chance of maintaining sinus rhythm during follow-up was detected in patients with better pre-cardioversion values of LA strain and good LA reverse remodeling, if compared with the patients who reverted to AF.\[[@ref3]\]

Moreover, global LA strain has an incremental value when combined with CHADS2 risk score and LA volume index in predicting the hospitalization rate and cardiovascular events.\[[@ref34]\]

Average values of LA systolic strain and SR at baseline are now considered independent predictors of LA reverse remodeling and AF recurrence, with possible future implication in the management of antiarrhythmic drugs and in the selection of candidates for anticoagulant therapy.

Further studies are needed to determine the independent prognostic power of atrial strain as a predictor of future cardiovascular events.

### Left atrial mechanics and valvular heart disease {#sec3-3}

In aortic stenosis, LV diastolic dysfunction associated with LA enlargement adversely affects outcomes. Some investigators\[[@ref5][@ref35]\] studied the impact of aortic stenosis on LA phasic function and reported that all LA longitudinal strain values are reduced, and that LA booster pump function is particularly affected by the severity of aortic stenosis.

Chronic mitral regurgitation generates LA volume overload and as a result, promotes both anatomical and functional remodeling of this chamber. Higher values of LA strain in all phases of cardiac cycle along with elevated static and dynamic LA volumes have been demonstrated by some authors.\[[@ref36]\] However, others have reported a deterioration of all LA deformation parameters, probably in the latest stages of the disease,\[[@ref37]\] with a further decrease of LA strain in patients with mitral regurgitation and history of recurrent AF.\[[@ref38]\]

The double couple: The atrial--ventricular vascular interplay {#sec2-4}
-------------------------------------------------------------

An effective and performing cardiovascular system is based upon a good ventricular vascular and atrial-ventricular coupling in all the phases of cardiac cycle.

The interplay between heart and vessels is represented by ventricular-arterial coupling, determined by effective arterial elastance (Ea) and ventricular end-systolic elastance (Ees). The Ea/Ees ratio is known as the ventricular-arterial coupling index and a central determinant of cardiovascular performance.\[[@ref39]\]

Similarly, atrial stiffness can be considered a new marker of atrial-ventricular interplay. It is a dimensionless, strain-derived parameter obtained by the ratio between E/E' and LA strain during reservoir (E/E': LA reservoir). It demonstrated to correlate with invasively measured ventricular end-diastolic pressure and can be considered a new reliable surrogate marker of LV diastolic function.\[[@ref40]\] Atrial stiffness combines LA function evaluated through speckle tracking echocardiography and traditional Doppler estimate of end-diastolic pressure; for this reason it can be considered a new reliable marker of atrial-ventricular interplay. However, further studies are needed to validate the prognostic importance of this parameter in different clinical settings.

CONCLUSION {#sec1-2}
==========

In few years a lot of progress has been done toward a deeper functional and anatomical assessment of the left atrium, whose role in the global cardiovascular system is now widely recognized. New techniques are now available for a comprehensive evaluation of this chamber and a multimodality imaging approach is considered the best one for this purpose.

For instance, we can now affirm that the left atrium is no longer a "neglected" chamber.
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